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In  attempting  to  treat  experimental  tuberculosis  by  well  defined 
chemical  compounds,  it  is  important  to  know  what  relations  exist 
between  the  tubercle  bacillus  and  the  chemicals,  under  various con- 
ditions  of exposure.  The present paper is intended  as a  contribution 
to  our knowledge  of  these relations  in  as far as they  can be  studied 
in  the  culture  flask. 
I-IISTORICAL. 
The general conception that it  might  be  profitable to  determine  the  power 
of substances  to inhibit  the  growth  of  cultures,  selecting  the  more  active  for 
subsequent therapeutic experimentation, was formulated by Robert Koch.  The 
idea was completely developed by Bechhold  and Ehrlich.  The "work of Koch 
and  Be~:hhold and  Ehrlich  agreed  in  showing  that  substances  might be highly 
active in the  test-tube and still have no demonstrable capacity to sterilize  the 
diseased  animal.  Ehflich,  moreover, showed  conclusively  in  the  course  of his 
chemotherapeutic studies that substances without  activity in the test-tube may 
be very active against the  parasites in  the  body of the  animal.  In fact, until 
recently there was no instance known of a well defined  chemical compound hav- 
ing  pronounced  disinfectant  action  in  the  test-tube  and  exerting  the  same in 
demonstrable degree in the animal body. 
Schiemann  I  has  recently developed the  fact  that  salvarsan is  active in  the 
test-tube against anthrax bacilli,  the bacillus of swine erysipelas, and B. mallei 
in dilutions of 1 : 1,000,000 or greater.  Serum seems not to inhibit this action, 
but  rather  to  favor  it  in  certain  instances.  Against  experimental  infections 
with these microorganisms the  drug also has a  certain value.  Ethylhydrocup- 
rein  (optochin),  perhaps  the  one  determinate  chemical  compound  which  has 
up to the present time been markedly effective in vivo against a bacterial infec- 
1 Schiemann,  0.,  Z.  Immuniti~tsforsch.,  Orig.,  1915-16,  xxiv,  167. 
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tion (pneumococcus), has marked, and in some degree, at least, specific activities 
against  the  tubercle bacillus in vitro. 
Disinfectants as studied in the test-tube fall into two classes.  One 
class  is  characterized  by  the  possession  of  a  more  or  less  uniform 
action  against  all  bacteria.  If  the  action  of  phenol  and  mercuric 
chloride  on  a  variety  of  bacterial  species is  compared,  it  is  found 
that  the  mercurial  compound  is  by far  the  more  active  agent  (ex- 
traneous albumin being excluded from the reaction).  The resistance 
of bacterial  species also varies,  some being susceptible,  others  rela- 
tively  resistant.  But  if  a  ratio  is  drawn  between  the  activity  of 
phenol  and  bichloride of mercury for any single  species of bacteria, 
that  ratio  will be approached  closely by similar  figures made up on 
the basis of experiment with any other race or strain  of microorgan- 
ism.  Such  substances  are  general  disinfectants;  they  are  more  or 
less universal  protoplasmic poisons,  and,  as  a  corollary  to  this,  are 
apt to be proportionately far more toxic to higher animals than they 
are for microparasitic life. 
The  other,  and  from  the point of view of experimental  therapeu- 
tics,  the  more  important  class  of  disinfectants,  is  characterized  by 
a limited range of action.  Certain bacterial species only are affected 
in  a  marked  degree by the  typical members of the  group.  This  is 
the  ideal  conception  and  one  which  is  being  more  nearly  fulfilled 
by the continued examination  of substances from this point of view. 
In  no instance,  perhaps,  up  to  the present  time  has  the  specificity 
displayed by the  bacteriolysins of the  blood serum  of immune  ani- 
mals  been  uncovered as  an  attribute  of well  defined  chemical  com- 
pounds,  although  this  result  must  be  postulated  as  ultimately 
attainable. 
The  literature  of  this  type of  disinfectant  action,  designated  by 
Ehrlich  as  halb  specifische,  or  partially  specific  disinfection,  is  not 
extensive. 
It was shown by Boer (1890)  3  in certain tables that malachite green and  methyl 
violet act differently than  a  number  of other  disinfectant  substances, showing 
a somewhat unusual degree of variation in their activity against certain bacteria. 
B. anthracis and  B. diphtheria  were about  equally resistant  to mineral acids, 
Boer, O., in Behring's Gesammelte Abhandlungen, Leipsic, 1893, pt. i, 198. PAUL  A.  LEWlS  443 
the stronger alkaline substances, salts of certain heavy metals, and phenol.  B. 
anthracis  was the more  susceptible to malachite green in  the proportion of  12 
to  4,  and  to  methyl  violet  in  the  ratio  of  7 to  1.  Boer  did  not  comment 
on the possible significance of this observation. 
Von Drigaiski and Conradi (1902)* based a  method for the differential isola- 
tion of B. typhosus  on what they called the "elective bactericidal action" of cer- 
tain  aniline  dyes--malachite  green,  brilliant  green,  methylene  blue,  methyl 
violet,  and  Krystallviolett were mentioned by them  as showing this property. 
They  recommended  the  addition to  the  culture  medium  of  Kristallviolett in 
certain concentrations, especially to restrain the growth of cocci commonly found 
in  the  dejecta.  Loeffier  (1903) 4 found  that  a  preparation of  malachite green 
containing dextrin, when added to agar plates in concentrations of  1 : 1,000  to 
1:4,000  restrained the growth  of B.  coli more  than  that  of B.  typhosus.  He 
worked out and recommended a  method  for the rapid isolation of the typhoid 
bacillus on this basis. 
Bechhold  and  Ehrlich  5  and  subsequently  Bechhold  e  developed  most  fully 
the partially specific nature of the disinfectant action of certain substances.  The 
papers of these authors cannot be abstracted with advantage.  Concerning our 
immediate problem, Bechhold reports some observations made with the tuber- 
cle bacillus, the  substances  tested  having  no  demonstrable action against this 
species.  Subsequently in  a  general review of this  work,  Bechhold 7 makes  the 
statement that monochloronaphthol is highly active against the tubercle bacillus 
and B. pyocyaneus,  but much  less active against staphylococcus.  He gives no 
exact figures nor does he state which of the several possible monochloronaphthols 
he employed. 
DeWitt  8 in a  study of the power of a  number of aniline dyes to restrain the 
growth of various bacteria, records  9 the development of different bacterial species 
on agar to which the dyes had been added in the single concentration of about 
1:8,000  (2 drops of a  1 per cent solution in  10 cc. of agar).  Tests at a  single 
concentration are not, of course, designed to bring out any specific quality which 
substances  may  possess.  DeWitt's  tables  do,  however,  give  some  indication 
of  this  action.  In  most  instances B.  subtilis  and  B.  tuberculosis were  equally 
affected.  With Bismarck brown, eosin A, erythrosin, and neutral red, the tuber- 
cle bacillus gave a feeble growth or none at all, while B. subtilis grew vigorously. 
With eosin (bluish) the reverse was found.  In general, the growth of the tuber- 
cle bacillus was inhibited more readily than  that of any other organism tested. 
3 von Drigalski, and Conradi, H., Z. Hyg. u. Infectionskrankh.,  1902, xxxix, 283. 
4 Loefller, Deutsck. reed. Woch.,  1903, xxix, 286. 
Bechhold, H., and Ehrlich, P., Z. physiol.  Chem., 1906, xlvii, 173. 
6 Bechhold, H., Z. Hyg. u. Infectionskrankh.,  1909, Ixiv, 113. 
7 Beehhold,  Desinfektion, in  Ehrlich's Festschrift, Jena,  1914,  505. 
s DeWitt, L. M., Y. Infect. Dis., 1913, xii, 68. 
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DeWitt's  results are possibly less significant than they otherwise might be be- 
cause the culture of the tubercle bacillus which she used was, as she states, of 
"questionable" authenticity.  It was a rapidly  growing culture  producing ab- 
scesses in guinea pigs.  She states that: "These abscesses are acute or at least 
develop much more rapidly than tuberculous glands, and other pigs in the same 
cage are infected."  These  characteristics are certainly not typical of the tuber- 
cle bacillus. 
Our  study as presented in this paper  represents the beginning of 
a  general  survey  of  available  organic  chemicals  with  the  view  to 
determining which of them are able in some partially specific sense 
to restrain the growth of the tubercle bacillus.  As will become ap- 
parent in  the  course of the paper,  such an effort as  this is  subject 
to many limitations both as to method and material and the results 
can have at most a limited value.  They are presented with the hope 
that they may form a  useful guide to others interested in this field 
of work. 
Method. 
In general our method has been to make various dilutions in glyc- 
erol  bouillon  of  the  substances  employed.  The  flasks  containing 
these mixtures were inoculated with a  surface growth of the tubercle 
bacillus,  certain control flasks of the same bouillon being inoculated 
at the same time.  When the growth on the control flasks completely 
covered the  surface,  the  experiment was  terminated by a  compari- 
son and record of the extent of growth throughout the series.  The 
flasks were then inoculated with one drop of a  24 hour bouillon cul- 
ture of Bacillus  typhosus and a  similar comparison was made on the 
following day of the degree of growth of this microorganism.  Some 
comparisons were made with other bacteria to determine the general 
suitability of the typhoid bacillus as  a  standard.  It would be im- 
possible to cover a wide field of this nature without establishing some 
sort of routine procedure and we shall describe briefly the one that 
we  have  adopted after much preliminary experimentation. 
Preparation of Solutions.--The  preparation of the test fluids varies 
with  the  concentration desired.  We use as the basis for our obser- 
vations  20  cc.  of glycerol bouillon  (acidity  1.5  to  2  per  cent phe- 
nolphthalein)  in  Jena  glass boiling flasks of 50  cc.  capacity.  This 
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centrations stronger  than  1:1,000  the  substance  to  be  tested  iS 
weighed directly into  the  empty flask.  We  use  a  torsion  balance 
for this work.  The balance is simple and rapid in its operation and 
is adjusted to a  sensitivity of  1 rag.  Weighing  20  rag.  and adding 
20 cc.  of bouillon  gives  a  concentration of  1 : 1,000.  The possible 
error at this concentration is  5  per 'cent,  the probable  error is  less 
than this and  would  be  equalized in  a  series  of tests.  The  flasks 
are conveniently labeled by a  ring of paper cut to hang over the neck. 
When a  series has been weighed off, the flasks plugged with cot~ 
ton are sterilized with dry heat.  Most  of the substances we have 
studied so far stand a  temperature of 130°C.  without decomposition 
when  dry.  This  temperature  continued  for  3  hours  will  usually 
render the preparation  sterile.  The bouillon  measured into  similar 
flasks  is  separately  sterilized  in  the  autoclave.  When  ready it~is 
poured into  the flask with  the weighed, sterilized substance. This 
can be  accomplished with  only small  losses  due  to  contamination. 
For lesser  concentrations,  1 : 1,000  to  1 : 10,000,  the  1 : 1,000  solu- 
tion in bouillon is diluted with glycerol bouillon with suitable pipettes. 
For  concentration below  1:10,000  we  start  with  25  rag.  of  the 
substance sterilized by dry heat in a suitable flask and then add sterile 
water to make a  1 : 1,000  solution.  This is then measured into the 
bouillon flasks;  2  cc. for 1 : 10,000,  1 cc. for 1:20,000,  etc. 
According to the method of preparation, it will be noted that the 
concentrations given in  the  tables  are  only approximately correct. 
The  actual  concentrations,  1:11,000,  1:21,000,  1:40,500,  etc., 
can be  substituted,  but the round numbers are more convenient to 
handle and  are  close enough for our present purpose. 
Many substances  can be more simply handled by sterilizing  the 
finished solution in bouillon.  So large a  number are either decom- 
posed  or  enter  into  fixed  combinations  with  bouillon  constituents 
when treated in  this way that we recommend the above procedure 
as  a  rule.  Certain  substances  which  can be  sterilized  successfully 
in  watery solution  decompose at  the  temperature mentioned when 
dry.  They  are  relatively  few  and  must  be  handled  by  other 
procedures. 
Cultures  Used.--As  the  culture  for  all  this  work  we  have  used 
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Rockefeller  Institute  for  Medical  Research  designated  Bovine  III. 
This culture is probably a  transplant  of the Bovine III of Theobald 
Smith.  A  comparison  with  the  latter  strain,  however,  shows  that 
our culture grow  s rather more vigorously and is definitely less viru- 
lent  for  guinea  pigs.  Our  culture  does,  however,  give  the  charac- 
teristic disease in guinea pigs and rabbits, is acid-fast,  and produces 
no acid in glycerol bouillon.  It is evidently a  culture of bovine type 
of low virulence.  The  results  obtained with this  culture have been 
checked in certain instances with other cultures of higher  virulence, 
also vigorous growers,  and  found  to  be identical.  We have  so far 
made  no  comparison  with  recently  isolated  cultures,  which  offer 
an important  problem,  but a  distinct  one. 
The stock culture for this work is kept on glycerol bouillon.  Cul- 
tures about 3 weeks old have usually been used for the inoculation. 
The inoculation is made with a fine straight wire, a bit of the growth 
1  or  2  ram.  in  diameter  being  carried  over.  For each  separate  lot 
of culture medium used, at least five control  flasks have been inocu- 
lated  in  series  with  those  test  substances  in which  that particular 
bouillon  was  concerned.  This  is  essential. 
The culture Bovine III can be depended on to give a  growth over 
all of the surface of flasks as we have used them in from 1 to 2 weeks. 
When the surface of all the control flasks is just overgrown we have 
terminated  the observation period. 
For the  tests with Bacillus  typhosus we  have used  the  Rawlings 
strain  obtained  some time  ago through  the courtesy  of  Major  Rus- 
sell,  of the  United  States Army. 
Recording Results.--The  results  are  recorded  by an  inspection  of 
the flasks.  The  original  bit of culture  at least must  remain  visible 
if  the  experiment  is  to  be  considered  conclusive.  If  it  is  shaken 
down by accident or sinks spontaneously, growth cannot occur from 
the bottom.  The  designations  used are  as follows: 
No  growth  indicates  that  the  original bit  is  thin  and  dry;  very  slight, 
that  the original bit is thickened  but  shows no  new surrounding film; slight, 
that  there  is  a  definite  film of  new  growth  extending  from  the  original, 
the  whole mass  being  1  cm.  or  less in  diameter;  moderate,  that  the  sur- 
face is about one-fourth covered; good, that the surface is one-fourth to three- 
fourths  covered; and  full, that  the surface is completely covered or nearly  so. PAUL A.  LEWIS  447 
Occasional lots of bouillon are encountered in which after a  period 
of growth there is a  cessation with the surface of the  control flasks 
about  three-fourths  covered.  Tests  in  which  this  occurs  must  be 
discarded. 
The  results  of  the  tests  with  Bacillus typhosus are  recorded  in 
the same terms based on the  examination  of a  hanging  drop  taken 
from the flasks at the end of a  24 hour period of growth.  The slight 
and  moderate  grade  degrees of proliferation  are  frequently  marked 
by  phenomena  of  agglutination  and  involution  which  help  to  fix 
the  amount  of  inhibition  which  prevails.  A  numerical  expression 
could be obtained by plating,  but it is doubtful if this would be of 
use for the present purpose in view of the fact that no such system 
could be applied to the tubercle bacillus. 
Materials Used.--The substances reported in this paper are nearly 
all  aniline  dyes.  They have  been  obtained  partly  by purchase  in 
the  market and  partly  by donation. 1°  These  commercial  dyes con- 
rain  a  varying  proportion  of  impurities,  especially  inorganic  salts. 
They should in many instances  undoubtedly be considered  as mix- 
tures of more or less closely related substances rather than as chemi- 
cal  entities.  The  salts  should  be  considered  as  diluents.  In  the 
concentrations  we are  considering  they probably have  no  effect on 
growth.  In  so far  as it  is possible that  other impurities  may exist 
in any preparation  and increase its activity, the results now reported 
cannot  be  considered  as  final.  On  the  whole,  this  is probably not 
a  factor  in  many  instances.  To  exclude it  as  a  possibility in  any 
case involves  so much  careful work  that  it  can  only be attempted 
on a  selected material  and as a  special  problem.  We have  already 
approached this matter in certain cases which seemed to be especially 
significant in their bearing on the influence of chemical constitution 
on the result.  Such observations as we have made will be reserved 
for  later  publication. 
l0 We are indebted  to the American agents  of Katie and  Company, and the 
Bayer Company, for sample lines of the azo-dyes put in the trade  by their  re- 
spective firms.  We are also indebted  to Professor W. T. Taggart of the Uni- 
versity of Pennsylvania  for large contributions from a collection of dyes main- 
tained  by the  Department  of Organic Chemistry.  The  dyes purchased  have 
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I~ESULTS. 
The  results  of  this  survey  as  carried  out up  to  the  present  time 
are given in Tables I to VI.  The tables show the name of the prepara- 
tion  tested  and  its  source.  They  show  the  greatest  concentration 
at which growth is  full for each  culture  of Bacillus tuberculosis  and 
Bacillus  typhosus.  These  concentrations  are  combined  in  a  fac- 
tor  which  is  an  expression  of  the  relative  susceptibility  to  the  in- 
hibiting  action  of the  dye.  The  point  of full growth  was  taken  as 
the basis of this  comparison  because it permits  of the  consideration 
of a  much larger  number  of substances than  does the point of com- 
plete  inhibition.  The  point  of no  growth  for  the  typhoid  bacillus 
can  be  determined  in  comparatively  few  instances.  In  certain 
cases it has  been possible to  compare the influence of substance for 
all  concentrations  from  no  growth  to  full  growth  with  each  bac- 
terial  species.  In  these  cases  the  factor  has  been  much  the  same 
with  whichever  concentration  was  made  the  basis  for  comparison. 
The substances have been arranged in the tables in groups accord- 
ing  to  their  activity  against  the  tubercle  bacillus.  With  the  sub- 
stances  showing  much  activity  it  is  usually possible  to  show  a  re- 
straining  action on the typhoid bacillus at some concentration.  For 
less  active  substances  the  typhoid  organism  frequently grows with- 
out restraint  in  a  saturated  solution.  In  these cases it is only pos- 
sible  to  indicate  that  the  factor  is  greater  than  the  value  actually 
determinable. 
The interest  of the laboratory has  centered  for some time on  the 
action  of  certain  azo-dyes  which  are  vital  stains.  For  this  reason 
the number  of this  class of dyes examined  is large,  and  out of pro- 
portion to those of other constitution.  These are tabulated by them- 
selves in  the  case of the more active ones.  In making  this  separa- 
tion we have relied in most  instances on the tables of Schultz. n 
Interpretation  of Results.--There  is perhaps  little  that  can be said 
at this time in extension of the actual results of the work presented. 
It is evident that a great variety of substances have marked capacity 
to  restrain  the  growth  of  the  tubercle  bacillus.  Those  dyes whose 
disinfectant  activities  have  long  been  known  to  be  considerable, 
11 Schultz,  G.,  Farbstofftabellen,  Berlin, 5th  edition, 1914. TABLE  I. 
Dyes of Various Groups Strongly Restraining Growth of the Tubercle Bacillus. 
Desigastion. 
Acrldinorange 
J~thylrot.. 
Auramin.. 
Aurantia  (Kryst.). 
Azur II .... 
Chinollnrot.. 
Chrysanilin.. 
Coemlein S. 
Cresylechtviolett, 
Source. 
G. $ 
KaM. 
G. 
Kahl. 
G. 
Kahl. 
3. 
t¢ 
Tubercle bacillus 
growth full at. 
1 : 1,000,000 
1 : 200,000 
1 : 200,000 
1 : 200,000 
1 : 4,000,000 
1 : 200,000 
1 : 400,000 
1 : 200,000 
1  : 100,000 
1 : 400,000 
"I~rphold bacillus growth 
full at. 
1 : 4,000 
1 : 1,000 (Saturated.) 
1 : 4,000 
1:4,000 
1 : 1,000 (Saturated.) 
1 : 2,000 
1 : 40,000 
1: 4,000 
1 : 1,000 (Saturated.) 
1:2,000 
Krystallviolett ...... 
"  (HoechsO 
Dahlia ........ 
Diamantfuchsin.. 
Hellotrop ......... 
Indaminblau  N  extra ..... 
[anusgriin... 
Magentarot ..... 
Mauvien.. 
Methylene blue .... 
¢¢ 
Kalle. 
Kahl. 
13. 
¢~ 
~¢Ierck. 
"  1 : 1,000,000 
1 : 200,000 
1 : 100,000 
1 : 100,000 
1 : 4,000,000 
I  : 200,000 
1 : 400,000 
1 : 200,000 
1 : 400,000 
1 : 1,000,000 
1  : 100,000 
1 : 100,000 
1 : 10,000 
1 : 4,000 
1 : 8,000 
1 : 2,000 
1:8,000 
1  : 5,000 
1 : 1,000 (Saturated.) 
1 : 2,000 
Typhoid bacill~ 
Tubercle bacillus 
250 
1 
50 
1 
50 
1 
100 
1 
10 
1 
50 
1 
200 
1 
10 
1 
2 
1 
10 
1 
25 
1 
500 
! 
100 
1 
5O 
1 
4-0 
1 
1  4- 
500 
! 
* In  the  tables,  G.  indicates  Griibler;  Kahl.,  Kahlbaum;  Kalle,  Kalle  and 
pany;  By.,  Bayer  and  Company.  The  other  names  are  self-explanatory. 
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TABLE  I---Concluded. 
Designation.  Source. 
vlethylengrttn.  G. 
~Iethylenviolett...  " 
.Vlethylviolett (Kryst.) ......  Kahl. 
B.  G. 
5B ....  " 
6B extra ......  Kal£. 
Tubercle bacillus 
growth full at. 
1 : 200,000 
1  : 2,000,000 
1  : 200,000 
1 : 200,000 
1 : 200,000 
1 : 400,000 
Typhoid bacillus growth 
full at. 
1  : 2,000 
1 : 4,000 
1  : 100,000 
1  : 20,000 
1 : 40,000 
1:40,000 
Neutral blue W .... 
~  red. 
Nilblau  (sulfat) 
Orcein.. 
Kalh. 
G. 
*c 
It 
1 : 200,000 
1 : 400,000 
1 : 2,000,000 
1 : 100,000 
1 : 100,000 
1 : 1,000 (Saturated.) 
1 : 100 (Incomplete.) 
1 : 4,000 
1:800 
1 : 2,000 
Phosphln  I 
"  3R.. 
Resorcin fuchsin  .... 
Rosani~-acetat 
Safranin  3B. 
"  base. 
"  MN .... 
"  rein  ..... 
Spiller's  purple. 
Unknown. 
Kahl. 
G. 
Kahl. 
Kalle. 
Unknown. 
..  Badische. 
G. 
ec 
1 : 400,000 
1  : 400,000 
1 : 100,000 
1 : 200,000 
1 : 2,000,000 
1  : 1,000,000 
1  : 2,000,000 
1 : 400,000 
1 : 200,000 
1 : 2,000 (Saturated.) 
1  : 8,000 
1 : 2,000 
1 : 4,000 
1 : 4,000 
1 : 8,000 
1:4,000 
1 : 8,000 
1 : 200,000 
Typhoid bscillm 
Tubercle bacillus 
100 
1 
5OO 
1 
2 
I 
IO 
I 
5 
1 
I0 
i 
4000 
1  t- 
500 
1 
125 
1 
50 
1 
200 
1  t- 
50 
1 
50 
1 
50 
1 
500 
I 
I25 
I 
500 
I 
50 
I 
1 
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TABLE  II. 
Azo-Dyes Strongly Restraining Growth of the Tubercle Bacillus. 
Designation.  Tubercle bacillus 
growth full at. 
~nillngelb .... 
Benzobraun G .... 
Biebricher Scharlach  ....... 
Chromanilbraun R ........ 
Chrysamin.. 
~hrysoidin.. 
"  extra .......... 
~loth red 3B extra  ..... 
"  "  3G  " 
Dicyanin  .... 
Doppelponceau 4R ..... 
,~oldorange.  .. 
~lavannabraun I  .......... 
Helianthin .... 
~ndian yellow G... 
~Iandarin G  extra .... 
~ietanilgelb la.. 
"  extra... 
Source. 
G. 
By. 
G. 
Kahl. 
G. 
Kahl. 
By. 
Kahl. 
By. 
G. 
Kahl. 
G. 
By. 
Kahl. 
G. 
Kald. 
1 : 200,000 
1 : 100,000 
1 : 200,000 
1 : 200,000  1 : 100 
1 : 100,000  1 : 100 
1 : 100,000  1 : 1,000 
1 : 100,000  1 : 2,000 
1 : 100,000 
1 : 200,000 
Typhoid bacillus growth 
full at. 
1 : 200,000  1 : 1,000 
1 : 100,000  1 : 1,000 
1 : 100,000  1 : 4,000 
1 : 200,000  1 : 1,000 
1 : 100,000  1 : 1,000 
1 : 200,000  1 : 1,000 
1 : 100,000  1 : 1,000 
1 : 200,000  1 : 200 
1:400,000  1 : 1,000 
1:400,000  1 : 1,000 
1 : 200 (Saturated.) 
1 : 4,000 
1 : 200 (Saturated.) 
4~ 
Typhoid bacillus 
1 : 2,000 
1  : 1,O00 (Saturated.) 
~C 
Tubercle bacillus 
1000 
1  -I- 
25 
1 
1000 
1  t- 
1000 
1 
5O 
1 
200 
100 
25 
T+ 
200 
1t- 
loo 
1 t- 
1000 
f+ 
r+ 
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TABLE  II---Concluded. 
Designation. 
Methylorange .... 
Naphtaminbraun  2B ...... 
"  GX ....... 
Naphtamin  fast  black 
SDE.. 
Naphtamingrtin  A.. 
"  AG, 
cc  B. 
Naphtaminviolett N .... 
Naphthylamine black NR.. 
Orange IV.. 
Pyramlnorange  RT. 
S~iurebraun.. 
Tropaeolin 00  .... 
Wollschwarz  ..... 
Source. 
G 
KalJ e. 
¢¢ 
g# 
gc 
~g 
gc 
KaM. 
Badische. 
G. 
gc 
cg 
Tubercle bacillus 
growth full at. 
1 : 200,000 
1 : 200,000 
1 : 100,000 
1 : 100,000 
1 : 100,000 
1 : 100,000 
1 : 100,000 
I  : 100,000 
1 : 100,000 
1 : 1,000,000 
1 : 100,000 
1 : 100,000 
1 : 100,000 
1 : 400,000 
I 
Typhoid bacillus  growth  [ 
full  at.  I 
1 : 1,000 (Saturated.) 
1  : 200  " 
1 : 1,000  " 
1 : 1,000 
1 : 1,000  " 
1 : 1,000  " 
1  : 1,000  " 
1  : 1,000  " 
1 : 200  " 
1  : 1,000  " 
1 : 100 (Incomplete.) 
1 : I00 (Saturated.) 
1  : 1,000  " 
1:400 
Tubercle bacillus 
Typhoid  bacillus 
2O0 
1  1- 
1000 
1  b 
100 
-5-+ 
lOO 
% 
IO0 
1 
5OO 
1000 
1 
1000 
1  t- 
1000 
1 
the methyl violets for example, are no more active than  many  others 
whose general action is limited, as represented by the Bacillus  typho- 
sus  results.  The power to inhibit the growth of the tubercle bacillus 
is limited to no general class of coal-tar dye.  It is noteworthy that 
a  great  many  azo-dyes  possess  this  characteristic  although  few  of 
them  are  active against Bacillus  typhosus  in a  marked  degree. 
A  general view of the results suggests that in the  tubercle bacillus 
we have  a  bacterium which  is  highly  sensitive  to  slight  modifica- PAUL  A. LEWIS  453 
TABLE  III. 
Dyes  of  Various  Groups  Restraining  Growth  of the  Tubercle  Bacillus Moderately. 
i Tubercle bacillus 
Designation.  Source.  growth full at. 
Anthraeenblau  .......  G.  1 : 40,000 
Brillantkresylblau...  "  1 : 40,000 
Curcumein N .......  "  1 : 40,000 
Echtrot..  "  1 : 20,000 
[ndulin...  "  1 : 20,000 
[saminblau 8B ....  CasseUa  1  : 20,000 
Color Co. 
Kresofuchsin  .....  G.  1 :  20,000 
Malachitgriin Ia ......  "  1 : 20,000 
Muscarin..  "  1 : 40,000 
Nachtblau..  "  1 : 20,000 
Naphtalinrot..  "  1 : 20,000 
Pararosanilin chlorhydrat...  Kahl.  1 : 40,000 
Pyronin...  G.  1 : 20,000 
Rhodamin B...  Kahl.  1 : 20,000 
Vietoriablau  B..  "  1 : 20,000 
"  4R...  G.  1 : 20,000 
Typhoid baciUus growth 
full at. 
1 : 1,000 (Saturated.) 
1 : 1,000 
1 : 1,000 (Saturated.) 
1 : 1,000  " 
1 ." 1,000  " 
1 : 100  " 
Tubercle bacillus 
Typhoid bacillus 
4O 
T+ 
4O 
1' 
4O 
-i-+ 
20 
20 
1t- 
2oo 
14- 
1 : 1,000 
1  : 4,000 
1 : 1,000 (Saturated.) 
1  : 1,000 
I  : 1,000 
1 : 2,000 
1 : 4,000 
1 : 100 (Incomplete.) 
1 : 10,000 
1 : 10,000 
20 
T + 
5 
1 
4O 
T + 
20 
-i-+ 
20 
-i-+ 
20 
1 
5 
1 
2OO 
1 
2 
I 
2 
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TABLE  IV. 
Azo-Dyes Restraining  Growth of the Tubercle Bacillus Moderately. 
Designation. 
Bordeaux BX.. 
~hrysamln G... 
Diamantschwar~ PV ........ 
DoppeIponccau 2R.. 
Naphtaminschwarz 2RE... 
"  3RE... 
Naphtamlnblau 12B ........  [ 
i 
"  BE. 
"  BXG ........ 
"  BXR  ...... 
Naphtaminbmun H. 
"  RB.. 
Naphtamindirektschwarz C. 
Napht~mln  direktschwaxz 
RWK. 
Naphtaminechtscharlach B.. 
.  R. 
Naphtaminorange 2R. 
Naphtarnlnrot H .... 
Nsphtylamingelb  .... 
Sottrce. 
By. 
KaHe. 
~C 
C~ 
cc 
G. 
[ Tubercle bacillus 
growth  full at. 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1:20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1 : 40,000 
1 : 20,000 
1 : 20,000 
1 : 40,000 
1 : 40,000 
1 : 40,000 
1 : 40,000 
1 : 40,000 
Typhoid ba~llus growth 
full at. 
1 : 100 (Saturated.) 
1 : 1,000  " 
1 : 200  " 
1 : 1,000  " 
1  : 100  " 
1 : 2,000 
1 : 100 (Saturated.) 
1 : 100  " 
1 : 100 
I  : 100 
1 : 1,000  " 
1:400  " 
1 : 1,000 
1:400  " 
I :  1,000 
1  : 1,000  " 
1 : 1,000  " 
I :  1,000  " 
1 : 4,000 
Tubercle 
Typhoid bacillus 
2 o+ 
2O 
T + 
100 
1  ~- 
2O 
T+  2 o+ 
10 
1  2 o÷ 
2 o÷ 
2 0+ 
2O 
I  b 
2O 
1+ 
5O 
1+ 
4O 
T + 
4O 
T + 
4O 
T+ 
4O 
T+ 
10 
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Designation. 
Neucoccin  ..... 
Purpurin sicc.  opt. 
Roseazurln G. 
5ulfonazurin  D. 
Sulfoncyanin G ....... 
Wollschwarz 4B ........... 
Sourc~. 
Kahl. 
G. 
By. 
Kahl. 
I  Tubercle bacillus 
growth full at. 
1:20,000 
1 : 20,000 
1 : 20,000 
1 : 20,000 
1:40#00 
1 : 20,000 
Typhoid bacillus growth 
full at. 
1 : 100 (Incomplete.) 
1 : 1,000 (Saturated.) 
1 : 4,000 
1 : 1,000 
1 : 1,000 
I : 200 
Tubercle badll~ 
Typhoid bacillus 
-•÷ 
2O 
T+ 
5 
T  + 
2O 
T  + 
4O 
T  + 
?+ 
fions of growth conditions and that we are dealing with a  reaction 
here which bears no real relation to the more usual forms of disin- 
fectant action.  This may be the case, but the explanation is hardly 
constructive.  We hope to have for presentation in the near future 
a  series of tests with the pneumococcus carried out on similar lines. 
It is apparent from what we have done with the pneumococcus that 
sensitiveness to reaction and exact constitution of the culture medium 
does not imply sensitiveness to  the inhibiting action of dyes as we 
have developed it in the case of the tubercle bacillus. 
Many of these dyes, in  fact  by far the  larger number, stain  the 
growing membrane with  greater  or  less  intensity.  The  individual 
bacilli in the membrane are much less frequently stained and then 
only by concentrations much greater than those required to inhibit 
growth.  The  restraint  of growth seems in  no way related  to  the 
staining of the membrane. 
The  staining  of  the  membrane may  in  some instances  possibly 
render the figures inaccurate.  In the case of dyes exhibiting great 
activity, such as heliotrope, methylene blue, and others,  the mem- 
brane absorbs the dye from weak solutions so that the concentration 
in the immediate vicinity of the bacilli is much higher than the dilu- 
tion  number  would  imply.  Whether  this  increased  concentration 456  TUBERCLE  BACILLUS 
TABLE  V. 
Weaker Dyes  in  Concentrations  of 1  : 1,000  to  1 : 10,000  Showing  Full  Growth  of 
the  Tubercle  Bacillus.* 
Designation.  Source.  Designation.  Source. 
Acridinrot.. 
Alizarin red.. 
MJzarincyanin. 
~klkaliblau  3B .... 
~nllinblau... 
Aniline blue black .......... 
¢zos~ureblau 2G. 
~,zoblau.. 
8ayerischblau .... 
Benzoolive. 
Blauschwarz.. 
Bordeaux G .... 
Brillantcrocein 3BA.. 
Ehromgelb D. 
~ongo-corinth... 
:ongo red  .... 
2ongorubin... 
Echtgriin... 
FIeliotrop B... 
Isaminblau 6B. 
"  R.. 
[odgriin. 
:Achtgr/in. 
~Iagdalarot echt. 
Vlethylgrfin rein OO... 
~aphtaminschwarz GE ..... 
~C  I-I ...... 
"  I-IRE .... 
"  4RE ..... 
qaphtaminblau  2BK ...... 
"  3RE ....... 
qaphtamlnbrillantblau BW.. 
~c  G  .... 
qaphtaminbraun 8B... 
"  4G extra... 
G. 
Eimer and 
Amend. 
Kahl. 
cc 
G. 
By; 
G. 
Kahl. 
By. 
G. 
By. 
~c 
~c 
G. 
Unknown. 
Kalle. 
G. 
Kalle. 
Cassella 
Color Co. 
CasseIla 
Color Co. 
G. 
cC 
Cg 
gC 
Kalle. 
cg 
cg 
cc 
Naphtamindirekt schwarz 
EK.. 
Naphtamindirektschwarz O,. 
Naphtamindirektbraun  2R.. 
"  GR.. 
~  V  .... 
Naphtamine fast black KS 
Naphtamingriin AB .... 
"  TE ........ 
Naphtaminorange FB ....... 
Naphtaminscharlach B ...... 
Naphtaminviolett BE ........ 
Naphtholgelb S ...... 
Naphtholgr~in B .... 
Naphtholorange. 
Naphtholschwarz B .... 
Naphthylaminschwarz BN.. 
"  BNN. 
"  BOO. 
"  NA.. 
Nigrosin... 
Patentblau A. 
Phloxinrot.. 
Ponceau PR .... 
"  (Kryst.) 6 RF ...... 
Resedagrtin. 
Rosazurin B .... 
Rose bengale .... 
Sguregriin.. 
Sgureviolett 6B. 
"  (Kiitme) 
Sulfons~ureblau R... 
Sulforhodamin.. 
Thiazinbmun.. 
Tropaeolin... 
Trypanrot. 
Victoriascharlach 4R. 
Violettschwarz  .... 
KaJle. 
C~ 
C¢, 
~c 
c~ 
¢¢ 
G. 
Kahl. 
Cc 
Kalle. 
~C 
13. 
Kahl. 
13. 
c~ 
Kahl. 
13. 
Cc 
cL 
Kahl, 
G. 
By. 
Metz  and 
Co. 
G. 
Kahl. 
13. 
Kahl. 
G. 
* The  tubercle bacillus  factor  is  indeterminable,  except  in  a  few  instances, 
typhoid  bacillus 
because of the inactivity  of the dyes  against  the typhoid  bacillus. Very  Inactive. 
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Designation.  Source.  Designation.  Source. 
Athylgrfin (Kryst.) ........ 
Aniline  red ............... 
Azocarmin ................ 
Azoeosin ................. 
Azogrenadin L ............. 
Azolitmin ................ 
Azombin S ................. 
BaumwoUblau ............. 
Benzoazurin ............... 
~C  G  ............. 
Benzopurpurin ............. 
Benzo sky blue ............. 
BittermandelSlgrtin ......... 
Bleu de Lyon .............. 
Bordeaux R  ............... 
Brillantazurin 5G ........... 
Brillantgrtin  .............. 
Brillantschwarz ........... 
Carm;n~c acid Ia ............ 
Chinablau  ................. 
Chinagrtin ................. 
Chinolingelb (wasserlSslich).. 
Chinolingelb .............. 
Chloraminorange  G ........ 
Chromotrop ............... 
"  2R ........... 
Crocein  ................... 
Diaminblau  3B ............ 
~  S  .............. 
Dircktblauschwarz  2B ....... 
Direktgelb R ............... 
Echtrot  D ................. 
Eosin (bl~ulich) ........... 
"  (clairl.) .............. 
"  (gelblich) ........... 
"  (rein franz.) ......... 
Erythrosin ................. 
Kahl. 
Merck. 
G. 
By. 
CC 
A. H. Thom- 
as and Co 
Kahl. 
G. 
Kalle. 
G. 
By. 
G. 
Kahl. 
By. 
Kahl. 
G. 
~C 
~# 
Kahl. 
Uncertain. 
Badische. 
By. 
G. 
Kahl. 
G. 
Kahl. 
By. 
~C 
Kafil. 
G. 
Kahl. 
G. 
C¢ 
Fast brown 26048 ......... 
"  yellow extra .......... 
Flavazin G ............... 
FluoresceIn ............... 
Fuchsin S ................. 
Gallein (sicc.) ............. 
Gentianablau  6B .......... 
Isaminblau  B ............. 
Methyleosin ............... 
Naphtaminschwarz  RGE .... 
Naphtaminblau  7B .......... 
"  2BL ........ 
"  JE ......... 
Naphtaminbrillantblau  B... 
"  BWO 
Naphtamintiefschwarz  HW. 
Naphtaminechtschwarz  SE.. 
"  TE 
Naphthylaminschwarz  10B. 
Orange G ................. 
Oxaminviolett ............ 
Patent~ure  rubln ......... 
Ponceau 3R .............. 
"  4R .............. 
Rapid  filter gdb ........... 
"  "  griin I ......... 
"  "  rot I ........... 
Rosazurin G ............... 
Rubin  S .................. 
SRurecyanin G ............. 
SRureschwarz B ........... 
S~'ureviolett 1897 .......... 
Tartrazin ................. 
Thiazinrot ................ 
Thiazolgelb  ................ 
Victoria violet 4BS  extra... 
Wasserblau ............... 
"  3B ............. 
"  6B ............. 
By. 
C~ 
Kahl. 
G. 
Kah]. 
Cassella 
Color Co 
G. 
Kalle. 
Ct 
~C 
Cg 
By. 
G. 
Badische. 
G. 
Kahl. 
gC 
c¢ 
G. 
cg 
KahL 
gg 
G. 
By. 
G. 
Kahl. 
By. 
G. 
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is effectively applied against the growth of  the  microorganism can- 
not be determined. 
The figures presented above,  studied in conjunction with what is 
known of the chemical constitution of the dyes, are suggestive.  The 
quality of the material does not permit accurate judgment and  as 
we  expect  to  have  ready  shortly  similar  observations  made  with 
especially prepared or purified substances much more suited for these 
considerations,  this  discussion will be  deferred for the present. 
An important  question  raised  by  these  observations  is the  rela- 
tion between the capacity to restrain growth as shown above,  and 
true disinfectant action or killing power of the substances in question. 
It has been repeatedly shown that in the case of  true disinfectants 
their  capacity  to  restrain  growth  is  roughly proportional  to  their 
killing power.  In  the  tables  it  appears  that  the  dyes which have 
long  been  recognized  to  have  disinfectant  action,  certain  of  the 
triphenyl methanes particularly,  belong  to  the group  of substances 
with  a  high power to  restrain  the growth of the  tubercle bacillus. 
In all previous consideration of this question, the starting point has 
been  the  substance  whose  lethal  action  was  known.  That  there 
might  be  substances  having  marked  capacity  to  restrain  growth 
with no corresponding capacity to kill does not seem to have occurred 
to  previous  investigators  in  this  field.  TM  Contrasting  the  great in- 
hibitory power of methylene blue in our hands  and the low killing 
power of this dye in the work of I)eWitt with the previous observa- 
tions on this relation, we may safely conclude that there is no close 
or  constant  correlation between the  two  forms  of  action.  Special 
work directed towards this point is required before a  precise conclu- 
sion can be reached. 
S~A_RY. 
The power of a large number of aniline dyes to restrain the growth 
of Bacillus  tuberculosis  and Bacillus  typhosus  has  been determined. 
Many  substances  have  been  found with especial restraining power 
lz Gotschlich, E., in Kolle, W., and von Wassermann, A:, Handbuch der patho- 
genen Mikroorganismen, Jena, 2nd edition, 1913, iii, 479, states that formalde- 
hyde has, as contrasted  with other disinfectants of similar lethal value, a high 
capacity to inhibit growth. VAUL A.  ImWlS  459 
for  the  tubercle  bacillus  under  the  conditions  of  the  test.  This 
capacity to restrain growth in the case of the tubercle bacillus ap- 
parently bears no simple relation to true disinfec~nt action.  Opinion 
as  to  whether the  active  substances  exert a  truly  specific  activity 
against  the tubercle bacillus  or whether the activity is  determined 
by the peculiar conditions imposed by the growth of this bacterium 
as a  surface membrane are left for future consideration. 